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BACKGROUND

This report is the result of special studies conducted for the

Coordinating Board - Texas College and University System by Texas A&M

University. In February of 1966, two research projects were initiated

which had the followling titles:

a Model System for Master Planning }

*re s b J- S N SN ”~ .
Higher Zgucation iu Tuxas ]

(1) T™e Dsvelomment

in Institntions

IR
1~ b4

(2) The Develomment of Scientific Techniques for Space
Management and Utilization in Colleges and Universities

These projects had the basic objective of examining modern scien-
tific management techniques and determining specific applications that
could be utilized in college and university administration. The results
of a major portion of the research projects have been published in a five-
volume series entitled "Guidelines for Planning in Colleges and Universi-
ties."

The studies of space management and the need for student informa-

tion for administrative planning defined the need to focus attention on :
registration procedures and student record systems. Thus a separate and
specific study was initiated to examine the application of computer tech-
nology and scientific management techniques to the area of student registra-

tion and student records. This report will present the results of this study 4

and will descrite a pilot system that was developed at Texas A&M University.




BASIC CONSIDERATIONS

The basic control over the wutilization of teaching faciiities
(classrooms, laboratories) and faculty resides in the process of sched-
uling the use of these resources. Two separate steps are required in
this process which are:

(1) Master Schsdule Comstruction

(2) Student Sectioning

The master schedule construction consists of examining faculty re-
sources, teaching facility resouices, and curriculum requirements and as-
signing & room, time, and faculty member to each section of every course
that is to be offered. It can be seen that an almost infinite number of
choices are gvallable in making this total assigmment. The efficient and
effective utilization of both faculty and facilities as well as the abil-
ity to furnish students with a workable schedule of desired courses is de-
pendent upon this assignment.

Student sectioning is the process of utilizing a master schedule
of courses and student requests for these courses to prepare a class sched-
ule for each student. The basic concern here is to maximize the probabil-
ity that each student can obtain the courses he has requested and to obtain
effective utilization of faculty and facilities.

Master Schedule Construction

The basic data required to prepare a master schedule of classes
are discussed as follows:

Faculty Resources - Each course must be considered and

the faculty members which are qualified and avallable to

each course must be listed. Also teaching lcad, time

restrictions, and preferred course assignments must be
provided for each faculty member.

)

[

 —




Teaching Facilities - Each room (classroom or lab) available
for teaching must be listed along with its characteristics
(mumber of student stations, special equipment, etc.) .

Course Regquests - An estimated student demand for each
course must be established.

Curricvlum Requirements - The relationship of each course
to overall curriculum requirements must be considered.

This will permit the establishment of special time configu-
retions or other specific scheduling requirements.

—=2mdts Ima
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posed by the above data and should attempt to achieve the following two
basic goals:

(1) Deveiop a schedule of classes which will maximize the ability
of the student body to obtain curricular requirements, and

ey

(2) Provide for efficient utilization of faculty and facilities.
The total optimization of a master schedule is an extremely difficult task
due to the dimensionality of the problem.
Student Sectiouing

A student sectioning program utilizes the course request of the
student body and master schedule of classes to produce an individual class
schedule for each student. The master schedule provides the blueprint for

maximizing the ability of individual students to obtain required courses

and for obtaining good utilization of facilities and faculty. The student
sectioning program is the means for jmplementing this blueprint and provides

the overall control of the scheduling process that is required.

PROJECT SCOPE

After consideration of the two basic tasks (master schedule con-
struction and student sectioning) and the application of computer technol-
ogy, it was determined that the development of a computerized system of
master schedule construction was beyond the scope of this project. It was
determined, however, that the development of a computerized system of stu-

dent registration and sectioning was a feasible objective and that such a

5




system would provide great benefits to those responsible for space utiliza-
tion, administration, student information, and planning in colleges and uni-
versities. Therefore, the project concentrated on the investigation and de-
velopment of a computerized system of student registration, student section-
ing, and student record handling.
PROJECT OBJECTIVES

Ai'ter examining the prvcess of registration and sectioning, the fol-

lowing items were established as objectives of the system development:

(1) To provide a process which will assure good counseling of
each student relative to the scademic program which he is

pursuing.

(2) To provide a system which will maximize the probability that
a student can obtain the courses which he is requesting.

(3) T provide a system which will assure good utilization of
teaching facilities and faculty.

(4) To provide a system which will promote good administration
in terms of planning, record mainterance, and information
reporting.

(5) To provide a system which will minimize the manual effort
and time required of students and staff in completing the
registration process.

(6) To provide a system which could handle large volumes of
students within reasonable time limits.

The system which will be discussed in this report is a result of concerted
efforts to achieve these objectives.
PRESENTATION
The remainder of this rerort will provide a discussion of an suto-
mated system of registration and student sectioning. This system was test-
ed and implemented at Texas A&M University and conclusions and recommeanda-

tions presented are based upon actual experience with the system.
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BASIC <y TEM

The basic system which was developed contains four major phases

which are:

(1) Pre-registration

(2) Fee Collection and Schedule Distribution

(3) Delayed Registration

{4) Schedule Revisions
These four phases will be briefly discussed here to develop a concept of
the total system and developed in detail in later sections of this report.

PRE-REGISTRATION

This phase of the system is basically one of data collection. The
following information must be collected relative to each student that de-
sires to register:

(1) List of courses for which he desires to register

(2) Fee information providing data from which to prepare a
fee statement

This information must be obtained well in advance of the semester.

The development of course requests for each student introduces an
opportunity and need for counseling. It was determired that each student
should report to his major department and secure an approved course request
from an advisor. Before approving a course request for a student, the ad-
visor has the opporturity to review his academic progress and to advise him
relative to his program of studies.

Once a student obtains an approved course request, he then reports
to a central office where information that will be necesseary t¢ the fee as-
sessment program is collected. This information includes the following:

(1) Housing Information -- University housing or non-university
housing

(2) Meal Plan if using university food service facilities

(3) Parking Requirements and other special requirements




After obtaining an approved course request and providing informa-
tion relative to fee assessment, the student then turns all of these data
in at a central registration headquarters. This step completes the pre-
registration phase.

FZE COLLECTION AND SCHEDULE DISTRIBUTION

Once course request information is available for all students,
thie information ig prevared for inmt to o computer sectioning program.
This program compares the student requests to a master schedule of classes
and assigns the student to a section for each course requested.

After a schedule of classes has been developed for a student, a
fee statement is then prepared by the computer. The program for fee assess-
ment considers the courses for which the student is scheduled, his housing
and food arrangement, special fees, and any fee exemptions that may be ap-
plicable in the preparation of the fee statement.

When the fee statement is completed by the computer, it is printed
and mailed to the student. As soon as payment for fees is received from a
student, he is mailed his schedule of classes. This schedule of classes
contains the time and location of each course for which he is scheduled and
serves as his permit to enter class. If the schedule reqﬁires.no changes,

then the student has completed his registration.

DELAYED REGISTRATION
There will be some students who cannot be present for the pre-reg-
istration process and must be registered during a delayed registration
period. This pericd will be scheduled one week prior to the beginning of
the semester for which the student is registering. The registration process
will be the same as for pre-registration with one exception. The exception
is that the students will pick up their schedules at a central point instead

of receiving them by mail.




SCHEDULE REVISIONS
It will also be necessary for some students to change their sched-
ules by adding and/or dropping courses from their initial schedules. The
add sad drop process is initiated with the approval of an advisor in the
student's major department. If the request to add and/or drop a course is
approved, information for accomplishing this change is input to the computer
unc a revised schedule of classes is prepared for the student.

TOTAL SYSTEM

The previous raterial has provided a brie{ descripiion of each of
the major phases of' the registration operation. It should now be possible
to visualize the total system. ¥igure I is provided to assist the under-
standing of the procedures and logical flow of the system by providing
graphical presentation.

Following sections of this repcrt will discuss each of the major
elements of the system in detail. The final section will provide an eval-

uation of the system and summary conclusions.

}
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PET A Culis STioN

The process of student registration involves a rather massive data
collection effort. This phase of the process is very vital to a successful
cperation, for complete and accurate student data must ke imput to the com-
puter if the proper output of fee statements and student schedules is to be

obtained.

MASTER SCHEDULE OF CLASSES

One of the most significant elements of an automated registration
system is a properly constructed master schedule of classes. The master
schedule of classes for any given somester or term must be so constructed
as to satisfy the course and credit requirements prescribed for all students
in all curricula and at the same time programmed to attempt to optimize util-
jzation of class room and laboratory facilities. In the construction of
such a master schedule of classes, the effective and efficient use of staff
time must also be considered.

In the construction of the master schedule of classes, the Univer-
sity Scheduling Officer must, of necessity, rely upon departmental sched-
uling officers to a large degree. In the final analysis, however, the Uni-
versity Scheduling Officer must make the final decision in those matters
vhich might affect the students adversely or those situations which might
result in poor utilization of staff and/or facilities. The University
Scheduling Officer has as his responsibility the construction of the mas-
ter schedule of classes from its beginning until its final distribution.

At the proper time, & commnication is sent % the various academic
departments in the nature of a request for offerings for the succeeding
semester. Under this procedure tne departmental scheduling officer 1s
given an opportunity to indicate his own plans for a schedule of classes

inmofar as his department is concerned. His request includes: (1) course

15




and mmber; (2) name of instructor designated to teach the course; (3) tae
mumber of theory and practice sections desired per course; (4) the number
of students to be admitted to each section of theory and practice in each
course; (5) the building and rooms desired for meeting of the theory and
practice of each course and section; and (6) the preferred hours for courses
and sections to be offered. This complete report is then mailed to the ap-
propriate dean for his approval or disapproval. The dean, in turn, forwards
his recommendation to the University Scheduling Officer. The Unliversity
Scheduling Officer prepares a major pattern schedule for each curricula for
a given semester. These time patterns or trial schedules are compared with
the request submitted by various departments and transferred to a summary
sheet showing section by section the time patterns for each individual sec-
tion. Variations in time patterns requested by departmentel representatives
to those established by the University Scheduling Officer are reconciled with
final authority fcr deciding the time patterns resting with the Unlversity
Schedvling Officer. Upon completion of the tentative master schedule of
classes, it is mimeographed and sutmitted to all departments of the Univer-
sity for review. Minor modifications and adjustments may be made with the
approval of the University Scheduling Officer.

At this time the departmental representatives may meke classroom and
ilaboratory assigmments in those areas where they may have some priority.
Their requests for these assigmments are returned to the University Schedul-
ing Officer who checks the assigmments and makes additional ones which
could not be made by the departmental representatives. Upon the completion
of this scheduling, the schedule is then printed and distributed as needed.
One copy is submitted to the Data Processing Center in order that the com-

plete schedule may be key punched for computer input. The computer will
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thern be in position to prepare the Schedule of Classes for each individual

student after he has selected his courses in consultation with his advisor.

STUDENT RECORD SYSTEM

A baslc working tool which should be developed prior to entering
into an automated registration system is a computerized student record system.
Such a system develops and maintains a very complete record on each student.
This record should be on magnetic tape or disc to facilitate computer util-
ization of dll the information contained on the record. Figure II illus-
trates the basic data items that should be developed relative to each student
at Texas ASM.

At Texas AM, the student record is constructed as soon as a studeant
is admitted to the university. This computer file on the siudent is then

utilized to receive, maintain, and distribute informetion relative to the

student throughout his stay at the university. When the siudent graduates,
pertinent data from this file is transferred to a similar file maintained in
the Former Students Office.

When & student is admitted to Texas AGM University, he 1s assigned a
six-digit I. D'. number for identification purposes. A social securlity number
could be used for this purpose also. Basic infcrmation on the student is
then prepared for input to the computer file. An error check gystem is uti-
lized to assure that the student I. D. mumber is correctly recorded on the
computer file since this will be the means of accessing any given student's
file for iafcrmation. This computerized record of the student body then be-
comes available for use in many aspects of the registraticn and student re-

cord system as will be illustrated in the following discussions.

18
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STUDENT I.D. CARD
As the requirements for the data collection system were examined,
it became apparent that some means of autorwating the data collection was
highly desiratie. The basic objectives of such a system were defined as fol- '

lows:

(1) To eliminate mamual collection and manipulation

(2) To provide a highly accurate method of data collection

The objectives previously stated defined the need for a special type
of student I.D. card. Since the student I.D. number was the key element re-
quired to access the student record file and work with student data on the 1
computer, an I.D. card which would contain this number in Hollireth form was
deemed necessary. With such an I.D. card in the hands of each student, it
then became possible to automate the data collection process in a very accurate
and rapid manner.
I.D. CARD PREPARATION

The following steps describe the process that was used to prepare

the I.D. card:

(1) The student record (see previous section) is utilized to

generate a data card of the type illustrated in Figure III.
; This permits an accurate transmission of the student's I.D.
mumoer from the computer to a data card.

(2) The student comes to a central registration headquarters to
obtain an I.D. card. The data card (prepared in Step 1) for
the student is pulled and placed in a speclal camera which
takes a picture of a portion of the data card and the student.
This picture is developed in approximately one minute, lami-

‘ nated, and trimmed to form the I.D. card.

(3) The next step is to punch the student I.D. number into the
I.D. card. This step is accomplished using the I.B.M. card
prepared in step 1, the I.D. card prepared in step 2, and a
special machine shown in Figure IV. This machine accepts
the I.B.M. card in one slot and the I.D. card in & second
slot. The operator can then punch s button causing the
machine to read the student I.D. mumber from the data card
and to automatically punch this mumber into the student I.D.
card in Hollireth code. The finished I.D. card which is
then furnished to the student is shown in Figure V.

19
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COURSE REQUESTS
Once a student has obtained an I.D. cerd, he can then proceed to

request courses. The course request is completed at the student's major de-

L

partme-t. Each derartment is furnished a packet of cards for every student
in that department. These cards are prepared by the computer from the stu-
dent record file. Samples of these cards are illustrated in Figure VI.

The following steps are involved in completing the course request

procedure: ]

(1) Each student reports to his major department. and J
requests a card packet. If his records are in order,
such a packet will be available. If he has changed
majors and the paper work has not cleared through
the proper channels, then he will have to clear up
this recoru discrepancy before proceeding further.

(2) After obtaining a packet, the student thenreports to an
advisor in his department +o obtain an approved course
request card. At this time the advisor can review his
academic program and progress and give him counseling
as3istance relative to the courses he will request.

(3) When a list of desired courses has been developed, a
master schedule of classes 1s consulted to determine
if st least one workable schedule of these classes can

i PN W T T O TP T P . Y T My T X S DT W ) ST Ty

i be obtained. The advisor then lists the courses re-

4 quested on the course request card (see Figure VII)
and signs to indicate his approval of the course re-
quest.

; (4) The student is then given the entire packet of cards
and is instructed to report to a central registration
headquarters.

1
¥EE INFORMATION

After the student completes the course request procedure at the

department cffice, he then reports to a central registration headquarters

oy

to complete the pre-registration process. The procedure here has twc basic
objectives which are:
(1) T collsct necessary information for assessing the student's fees.

(2) To check the students' card packets for any errors and to collect
these packets for future input to the computer.

2




€65C07  ,2.MARY BLACKBURN THGCMAS 111 Go525\
PECRAMANENY NUMBE. CL 3 & SuRsc $° L ZINT JAME EAL1L g;w;.g 194 8
DEPT __ | COURSE NG | CREDIT -

SECTION ; SIGNED

TEXAS A&M UNIVERSITY
OFFICE OF T} E RE 3ISTR .R

FAL'. SEMESTER
ASSIGNMENT CARD

N

— .__,L,_, - —— e e
SEMESTER AAM TOTALS TOTAL ! -
R P_{G.PTS] HRS. {G. PTS.  RATIO HRS. | G. PTS TOTAL CREDIT HOURS
79 321 C.48l ' 293 34| APPROVED BY DEAN

Avr . 5 ‘

FIG VII
COURSE REQUEST CARD

HART A2 1
845-4306

H FULL STU SERV YES--- NO---

PARK ING NONE-—- 1-SEM---

BOARD 5-DAY--— 7-DAY-—-
PAY PLAN  FULL--- INSTL---

SIGNATURE~ =~

- _J

FIG VIiii

HOUSING cARD




The steps the student follows in completing this process are as
follows:

(1) The student first obtains a housing card (see Figure VIII).
If the student lives in a university dorm, this card will
contain the dorm name and room mmmber. If the student does
not live in university Lousing, he obtains a day student
card which will indicate this status.

(2) After obtaining the proper housing card, the student then
moves to a station which will summarize all required fee }
information into one card. This procedure requires the
housing data card, student I.D. card, and a special ma-
chine which can read the student's I.D. number from the
I.D. card and punch this number plus other fee informa-
tion into the housing card.

This machine is shown in Figure IX. It accepts the I.D.

card in one slot, the housing card in another slot, snd ]
a master information card in a third slot. In addition,

it has a keyboard for entering special information which

will vary for each student.

The student presents his I.D card and housing data card

tc a machine operator. These items plus a master informa-
tion card are placed into the machine and the student is
asked for additioral fee information such as parking, year-
becok, etc. and this information is entered intc a keyboard.
The operator then presses a button and all of the informa-
tion (student I.D. number and fee data) is punched into
blank fields on the housing card automatically. This as-
sures a correct student I.D. number and all fee informa-
tion has now been punched into one I.B.M. card.

s

(3) The student next reports to a check station. The checker
at this location assures that all necessary information is
available and in correct form. If everything is in order, a
the student packet is taken up and this step completes the

- pre-registration prccess for the student.
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COMFUTER INPUT
When a student packei is cobiained from a student at the end of the
pre-registration process, it is then prepared for input to the computer.
The steps involved here are es follows:

(1) A pre-punched course card is pulled for each course that
is listed on the student's course rsquest ecard. Tudb files

are usSed to ccniain the courss cards and desired course
cards are puiled from these files.

B M 3 . .

(2) The card packet next goes to & checking station to assure
that the course cards match those listed on the course re-
quest card.

=

]

(3) The completed packet containing the course cards, the fee
data card, and the student informeticn cards is now sent
to the data processing center. A% the data processing
center, the information will te loaded on to tape for fu-
ture input to the scheduling and fee assesswent programs.
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SPECIAL: SCHEDULE RBQUTREMENTS

There will be some students who must have special consideration in

the development of their schedules. Examples of groups of students who must

|
[~

participate in special activities during the normal class day are as follows:

T4
E,. 4~..._l

(1) Band students

(2) Athletes

==

(3) student leaders
(4) Students who work in the food service
(5) Students who must work at specific times

Provisions can be made to provide this special consideration by

scheduling "free time". This free time blocks certain hours of the day and

requires that the computer schedule the course requests at other hours.
L Free time requests are limited to only those students which must

1 have special considerations. Requests for this consideration must be justi-

fied before and approved by the dean's office of the college in which the

L student 1s majoring.
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The "free time" scheduling can be attempted on a trial basis. That
is, the "free time" requested will be scheduled if possible but if it cannot j
be scheduled, then it will be ignored. If certain "free time" hours must be
obtained they may be "predetermined". This is done by submitting a special

data card.
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SCHEDULE LOHSTE7TION
As anyone who has taken a trip with a baby can readily verify,
"packing” just the child isn't sufficient. The mount of auxiliary equip-
ment taken as well is sometimes almost staggering. The unpleasant fact is
also true of a computerized student sectioning system. The computer system
can be described in terms of its design cbjectives and the programs neces-
sary to meet these objectives and the programs necessary to feed and clothe J
it.
COMPUTER SYSTEM

While the form of the input data effects HOW the sectionizing algo-

w4

rithm mist be constructed to meet its design objectives, the process of
supplying the "scheduler" with its input is relatively independent of the

design objectives. Thus we can logically separate the sectionizing com-

puter system into at least four main areas or "phases":
(1) Input Preparation Phase
(2) Scheduling Phase
(3) Output Phase

(4) Utility Functions

INPUT PREPARATION PHASE
In this section of the report only two of the three main input
streams will be considered, the master schedule and the student course re-
quests. The third data stream, mailing addresses and certain fee informa-

tion, will be discussed in the Fee Calculation Section.

MASTER SCHEDULE

Obviously, in order for it to assign students to sections, the com-
puter must have an ninventory" of the sections, or the "master schedule”.

One sequence of programs accepts the master schedule as produced by the

T e ey T VRN T m—

Registrar's Office and builds such an inventory, called the Course-Data-File

or CDF.

30




A1l succeeding program sequences utilize parts or all of the CDF

in meeting their objectives. Thus the scheduler will only use that part

which contains information about the times and number of students in each
section while the print routines are only concerned with where the classes

are to meet. From the above statement it can correctly be deduced that an

assumption made by the scheduling system is that all room conflicts have al-
ready been resolved.
STUDENT GOURSE RWQUEST

The student course request packet has already been described in
Section III. This packet contains:

(1) An assignment (authorization to register) card.

(2) Course request cards.

(3) Student information cards.

(4) A housing card.

(5) Optional fee information cards.

The packets are first processed on a 1401 computer to find as many
handling errors (misplaced cards, blank cards, cards turned upside down, ete.)

as possible and to separate the student information cards from the rest of
the packet.

The packets have now been reduced to just the information needed to

sectionize the student and to assess fees. They are now input into the auto-
mated system itself.

The input preparation program now builds one "student schedule re-
quest" record for the packs which have survived a rigorous edit designed to
validate the consistence and correctness of the request data itself. The
locations of packets in error are flagged for future recovery and correction
and the correct student schedule requests are passed to the scheduling phase.




SCHEDULING PHASE
DESIGN OBJECTIVES

As previously mentioned, the objective of the sectionizing algo-
rithm is to maximize the probubility thet a student can obtain the courses
which he requires. This objective reduces to the strategy that as many
sections as possible are to remain open as long as possible. Thus the bal-
ancing of section loads is the prime constraint. There is a further con-
straint, however, on the undergraduate student. Since single male under-
graduetes live in university dormitories and pay board, the program is design-
ed to reserve a lunch hour each day. As will be seen later, these restrictions
car. be relaxed if necessary.

Sectionizing Algcrithm - The actual process of assigning the students
is perhaps best explained by the use of an example. Assume a’ student has re-
quested the following courses:

CHEM 303

E.E. 312

MATH 204

PHYS 217
During the process of building the Course Data File, each course is assigned
a priority based on the number of sections and the number of contact hours
that the course required during the week. Because of this priority assign-
ment, the courses will be assigned in the crder shown in Figure X. It can
also be seen that the sections withir each course are in descending order by
the mumber of seats remaining in the course.

The sassignment process proceeds by tentatively assigning E.E. 312
section 500. Section 132 of PHYS 217 is attempted next, but due to the
Junch hour restriction cannct be assigred. There is no conflict with the

assignment of section 134, howsver, so it is tentatively assigned and an

32




COURSE

E E 312

PHYS 217

MATH 204

CHEM 303

SECTION SEATS MEETING TIME
LEFT

500 10 MWF 11
132 20 MWF 12
134 20 MWF 10
133 19 MWF 1
131 60 MWF 8
147 40 MWF 9
149 40 MWF 8 F3
132 39 TCH 9 F4
500 25 MW 8 F2-5
237 25 MW 8 T2-5
501 24 MW 8 TH2-5
502 23 TTH 2 M8-10

COURSE DATA BLOCKS

FIG X
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assignment of MATH 204 is tried.

Since there is no conflict with the courses already assigned, sec-
tion 121 =f MATH 20 is tentatively assigned and the process proceeds to
CHEM 303. There is no section of CHEM 303 which does not conflict with the
prior assigmments, however. The process backs up to the last course as-
signed and "erases" the tentative assigmment and makes a new one. Thus
MATH 20/ section 131 is taken out and secition 147 is attempteil. Again there
is no conflict,so CHEM 303 is again attempted. Now, an assigmnent to section
500 can be made and since this is the last course, all tentativz assignrents
are made permanent.

There are two important features of the process which should be noted.
First, unless otherwise directed, the algorithm will always attempt an as-
signrent into sections with the greatest mumber of seats left. Second,if
necessary, the process will attempt all possible combinations of section as-
signments before "giving up".

SPECIAL REQUESTS

Circumstances do arise when it is necessary to override the section
balancing aspects of the sectionizing system and specify particular sections
for one or more courses. In these instances the process assigns those sec-
tions without checking for conflicts with the rest of the schedule. In this
way sections of courses, which in fact are in conflict, but in practiee will
either be shifted later or for a particular student the conflict will be
overlooked, can be "predetermined" and therefore be forced to meet at the
same time.

REJECTS

Unfortunately, there will be schedule requests which cannot be met.

34
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These will be one of four types:
(1) Hour Conflicts - All times for two or more courses overlap.

(2) Lunch Hour Conflict - A schedule does not exist which would
honor the lunch hour constraint.

(3) Closed Division Reject - A schedule is only possible if the
student could be scheduled into s closed section.

(4) Processing Errors - Usually due to predetermining a closed or
nonexistent section.

The rejected requests are passed to a program which analyzes the
cause of the reject. This program will be discussed later in the next sec—
vion.

OUTPUT PHASE

The separation of the output phese from the scheduling phase 1is due
as much to design considerations as to strictly programming considerations.
The prime advantage is that the printing of student class schedules and the
assessment of fees (also performed in this phase and discussed later) can
be deferred as long as necessary. This allows changes to be made to class-
room locations up until a fairly late date without affecting the student's
printed schedule. In this way the system can also be used as a "similator”

to determine the best allocation of sections without having to print sched-
ules.

REJECTS
These schedules which failed to schedule mist be located and some

corrective action must be taken. Ome part of the scheduling system attempts

to analyze the cause of the rejection and to indicate the action to be taken.

Figures XTa and XIb are two examples of rejected requests and the results of

the analysis. As it can be seen, all the reject causes are listed, the type

of conflict is described, and if possible, the particu.ar courses which caused

the reject are listed. These reports are returned to the student's advisor

for the corrective action.

35




SCHEDULE REVISICN RUN OF 21/JAN/£S FOR SPRNG 69 D/A 5

STU NR NAME CLASS,CURRICULUM SEQ FERRDR (CONDITION
6585285 FANNIN STEPHEN G 1,L A 01490 REQUESED CLOSED COURSE
COURSES REQUESTED- SUBJECT COURSE DIVISION
ENGL 1D4
MGMT 10%
P E 202
HIST 102
MATH 102
THE FRROR QCCURED IN THIS REQUEST- INDEX SUBJECT COURSE DIVISICN
0664 HIST 102

FIG XA

SCHEDULE REVISION RUN OF .31/JAN/69 FOR SPRNG 69 D/A 5

STU NR NAME CLASS,CURRICULUM SEQ ERROR CONDITICON
670622 GENSLER PHILIP J 8,1 EN 01701 HOUR CONFLICTY
COURSES REQUESTED- SUBJECT COURSE DIVISION
i EN 647
I EN 681C
I EN 646
I EN 685G
THIS IS THE CCNFLICT SET- SUBJ CRS DIV MEETING TIME
I EN 685601 TTHL1
I EN 646 01 T1G-1 TH10-1
FIG XiB

SCHEDULE REJECTS
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UTILITY FUNCTIONS
The great advantage of any pre-registration system is that advance
information about course loads and requirements can be obteined. This im-

plies, however, scme means of both obtaining the course loadings and modify-

L e

ing the master schedule.
An enrollment can be produced at any time which presents the current
stetus of the course enrollments. Figure XIT is a sample of this report and

glso is an exemple of szction bslancing obtainable with the scheduling system.

Provisions are made to modify the master schedule in almost any way.
Sections and/or complete courses may be added; sections may be opened, closed,
or cancelled; meeting places and times may be changed; etc. These changes ]
may be carried out at any time, however, they must be made with the under-

standing that existing schedules might be affected.

Y T I T TR Ty Y
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FEE ALSESSH =y,
FEE DATA COLLECTION

Prior to the actual assessment of fees by the computer, data relat-
ing to fees must be obtained from various sources, edited to insure its ac-
curacy, and comoined to form a single data file which may be utilized by the
fee assessment routines. The following is a discussion of the various kinds
of data to be included in each fee calculation, the source of the data, its
method of collectlon, and the precautions taken to maximize its reliability.
BASIC FEE STRUCTURE

The first source of data to be considered is the University Catsalog
from which the basic fee structure may be obtained. Such items &s resident
and nonresident tultion rates, student activities charges, room and board
fees, and various use fees are fixed either by state law or university pol-
icy and are not likely to change frequently. For this reason they are com-
plled as a part of the fee assessment programs. However, they should be re-
viewed each semester to keep them current with university policy and thus
should be easily accessible to the programmer. To satisfy this requirement,
all fee rates are grouped together in one section of the program and labeled
appropriately so that they can be readily located.
STUDENT NAMES AND ADDRESSES

To facilitate the distribution of printed class schedules and fee
statements, students' names and addresses are a necessity. A program is
avallable which builds a fee address record for each student that has been
accepted for admission by the university. The initial source of information
for thls record is ar already existing student registration data file.
Students' names and addresses and certain fee data such as state of resi-
dency and eligibility for exemptions under the Hazelwood Act are extracted

from this file.




SCHOLARSHIPS, CONTRACTS, CREDITS, AND EXEMPTIONS
After the fee address file has been constructed other fee data can

be added to the file. A student may be eligible for an academic or athletic
scholarship. A govermmental agency or industrial firm may contract with the
university to pay a portion or all of the students fees, or the student may
be eligible for a special exemption from certain fees. If for any reason a
student's fees are to be credited, this information must be gathered from an
authoritative source prior to the time the student completes the registration
process. £ special optical mark form, illustrated in Figure XIII, was made %
available to the Athletic Department, Scholarship Office, Fiscal Office, and

Registrar's Office for gathering this data. After the data has beep coded,

a computer program reads the optical mark forms, checks the vaiidity of the
coding, and converts the data to punched cards. This data is then used to
update the fee address file. Simultaneously with each update run a current
listing is prepared for each of the four offices involved indicating the cur-

rent status of each student's fee address record. This listing should be

P, T P T T T

checked by the departments to insure that all updates have been processed.
An example of the fee address data listing is show in Figure XIV.
ACADEMIC FEES

Some fees are directly related to a student's coursework and there-
fore cannot be determined until he has completed his course selections. These
fees are either associated with an individual course or based upon the total
number of credit hours for which the student registers. Included in this

group are such fees as tuition, laboratory fees, building use fees, and

student services charges. The data necessary for calculating these fees is

contained in the class cards and is passed on to the fee assessment routines ;

by the class scheduler.
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FEE _EXCEPTIONS, SCHOLARSHIPS AND CONT TS
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FEE-FXCEPTINNS
NaANE PERM-ND HAZEL G-NEIGH H-S COnN-CaR ST-0QRPH NON-RFS EXMP-NR FULL-TIME

ALEXANDER, RICHARD A 680729

ALFNRND, KFANETH NFAL ART232

ALLORFOGE., FNDIE M &12720
1 ALLEN, DANIFL 2 AELENR
A ALLEN. DFANNA C £93R22
i

ALLFN, DCRALD B 68041)
ALLTN, EDWIN 4Qp25y H
ALLEN., HERBERT F 662785
ALLENR, #[THAFL DaNA hRA2RSG
ALLFHN, NFIL H 687111

COMTRACTS

NaNE pER”M-YN CANTRALT=-NO,

CALEY. JAVZS 22 A% 687250 129
CAMPRFLL. GARY D 421527 13
CAYPRFLL, HOARPON £56£537 302
CANNON 111. “LAUCFE F 562152 123
CANTRELL, NONALD E ARGYITT7 103
CaR’t . NCUGLAS M 48283473 124
CARLYODN, JAMES @ A7098N 129
CARNEY JR., RORFRT S 5700981 130
CARDEMTE~, STEWA®ST 8 ER3223 203
CLQIEKER, LARRY F ATH4L4K7 2932
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SCHOL ARSHIPS
NAME PERH¥-NO SCHOLARSHIP AMOUNT
. SIRKELRACH., KAREN R 637969 57745 $ S9.00
: BIKELRACH, KAREN P LBTQ49 572831 $159.00
i BISHAP, LUCY P 577520 57224 $150.90
i BISHNP, RNBERT FUGENF  &£54%908 s700< $375,00
f RISHNP, RNIAFRT FYRENF 554008 57392 $125.00
i RIZ7AK. JANFS E £T5T7346 57710 $125.00
{ BLACKHURST, STEPHEN H  A56941 57084 $259.09
] RLACKWFLDFR,., SNGER L 656276 57776 $150.00
1§ RLATR, DUNLFY W 66454 57¢7a $125.09
Hi | SLAKFNFY JR. THNMAS F  6R7328 57728 $259.09
' i
SCHOLARSHIPS
NAME PERM-NAN SCHOLARSHIP AMOUNT
!
I WNND. JOEL NOK 667237 57388 $275.00
] WORLEY ., NDANNY DALE 654385 57451 $150,00 i
WRIGHT, GAVID W 682211 57025 $209,00
WURRS, 2ALPH ALLEM 575744 57388 $209.00
WYLIF, THMYAS Q 682212 £7232 £150,90
YANTA, MYLES 2 475144 87745 & 89,00
1 7E4AN, JANES EOWADD s5asp10 578713 $590,40
ZIFRLED, LYNY © 6R54072 3738Q $3100,00
JWARTJES. MICHAFL A 4781454 57232 $125,990
| -
i
s
¥
FIG X1V
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STUDENT OPTIONS

Finally there ars certain choices which are left to the student that
will have an effect on the total amount of fees whicn he must pay. He may
choose to 1ive off campus or in a dormitory and he may eat off campus or in
a university dining hall. If he choos¢s to eat in the dining hall, he must
also select one of several board payment plans. The student may have an auto-
mobile on campus which requires a parking permit. If so, he may purchase a
parking sticker for one semester, two semesters or a full year.

Any of the fee options which the student has are gathered from him
as a part of the normal registration process. One of the steps which each
student must complete before his class schedule can be constructed is to re-
port to a housing station at the registration headquarters. At this station
the student is given a housing authorization card, an example of which was
j1lustrated in Figure VIII. The student who is to reside in a university
dormitory is given a housing authorization card which is prepunched with the
dormitory, room number, and telephone number if applicable. In addition the
card contains a code which is used by the fee assessment programs for calcu-
lating room rent. The student who is to 1live off campus is given a housing
suthorization card which contains a code indicating that he is a day student
and no room rent should be charged. Each student then indicates on his hous-

ing authorizstion card the services which he wished to purchase. The student

must now report to a fee assessor who uses a data recorder to punch the options

which the student marked into the housing authorization card. At the same
time the data recorder punches the student's identification mumber into the
card from the student's indentification badge. The housing authorization card
is then returned to the student's registration packet. The registration pack-
ets are used as input to the class schedvling program which in turn passes the

housing authorization cards on to the fee assessment routines.
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INITIAL FEE ASSESSMENT

Each student's fees are calculated initially utilizing the collec-
tion of fee data that is available at the time the student is scheduled for
classes by the computer. One of the tasks which the fee assessment program
must perform ie the consolidation of all the fee data for each student. The
student's fees may then be calculated and his class schedule and fee state-
ment printed. Figure XV is a sample class schedule and fee statement. A
printed voucher is produced for any fees that will be paid by a contract or
scholarship. Examples of these vouchers are given in Figure XVI. Other
output produced by the program is a permanent fee record and a fee summary
card which may be used to access the fee record. The permanent fee record
contains all the information required to re-create the schedules and state-
ments. Its principle uses are for the revision of fees and the production
of fee accounting records. The fee summary card is used to record the pay-
ment of fees or to revise a student's fee statement as will be discussed in

more detail in the following section.

FEE UPDATE PROCEDURES
A student may select his courses and fee options as much as two
months in advance of the start of the semester for which he is registering.
Consequentially his status relative to certain fees may have changed. For
instance he may have requested to lire in a university dormitory, but has
since married and now desires to live off campus. This necessitates a re-
vision of his fee statement. Due to the early decisions which a student
must make in exercising his fee options, it is expected that there will be
fee revisions. To minimize the effort required in making these revisions
and also to maintain a fee record for each student, a set of fee updating

procedures was established.
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FEE REVISION

The permanent fee record, which is created for e¢ach student at the
time his class schedule is generated by the computer, contains two sets of
fee data. The first set of data is the data used to calculate the student's
initial fees. This data is updated each time the student's fees are altered
prior to the time his fees are pald. When the student's fees are paid, the
second set of fee data is made equal to the first. Any fee revision after
the student pays his initial fees causes the second set of fee data to be
updated.

At the time the student's original fee statement was prepared, a fee
summary card was also produced. This card contains the student's schedule
number which can be used to access his fee record on the permanent fee file.
The fee summary card also contains the total amount of the fee statement.

If the student's fees required revision,this card is punched with the re-
vised fee data using data recording equipment. The source of the data being
punched is a deck of pre-punched master cards, one for every possible fee al-
teration. As many changes as required may be punched into the fee summary
card. The punched fee summary card is then used as input to the fee update
program which locates the fee record to be modified and updates the record.
At the same time an audit listing (Figure XVII) of all transactions is pre-
pared. If the fee revision is made prior to the payment of the initial fees,
a revised fee statement is prepared along with a revised fee summary card
reflecting the new total fees. All revisions after the payment of initial
fees cause the permanent fee record to be updated, but do not result in ¢
new fee statement being prepared.

Other fee revisions are made necessary by the students adding and/or
dropping courses after the original schedule and fee s%atement has been pro-

duced and the fees paid. During the drop/add procedure any changes in fee
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data resulting from the dropping or adding of courses are reflected in the
second set of fee data conteined in the student's permanent fee record.
AMter the drop/add period is over these changes are processed along with any
other fee changes that have occurred since the original payment of fees to
produ:e a single supplemental fee statement. The supplemental fees are cal-
culated by taking the difference between the fees based on current fee data
and the fees that were previously paid. Again a fee summary card is produced
for recording payment or making further fee adjustments.
PROCESSING FEE PAYMENTS

As fee payments are received at the University's Fiscal Office, the
student's fee summary card is removed from an unpaid fee file. The total
fees which are punched and printed on the card are visually compared with
the amount of payment submitted by the student plus any credit which may be
due him. If the amounts are in agreement, the fee summary cards are batched
until the end of the day. The pajd fee statemencs and fee summary cards are
then totaled and balanced with eaclh other and with the day's recelpts. The
balanced fee summary cards are further audited with a ccmputer labulating
program. If all totals are in agreement through this point, the cards are
processed by the fee update program to record the payment on the student's per-
menent fee record. Both fee payments and fee adjustments are entered into
the system by use of the fee surmary card. The fee update program recognizes
a payment card by the fact that there are no fee data adjustments punched in-
to it. As the payments are processed, the student!s permanent fee record is
flagged to indicate that payment was made.
FEE DISTRIBUTION

One of the main disadvantages of a manual fee assessment system is
that the fee statements must then be keypunched before they can be processed

by computer. It may be weeks or even months before all the fees have been




keypunched, verified, and are ready to enter the university's accounting sys-
tem. By using an automated fee assessment ard updating system,all fees may
be distributed to their various fiscal accounts at the end of the fiscal period
in which they were paid. In addition the need for a fee audit is virtually
eliminated since all fee essesswents are made by the computer. A program is
available which produces accounting records for all paid fees utilizing the per-
manent fee file.
BOARD INSTALIMENT PAYMENTS

At Texas MM University students who eat in the university's dining
hall may choose to pay their board fees for the entire semester or in three
jnstallments. Before the autometed fee system was implemented at A%M, hand
written receipts were prepared for each installment payment. In addition to
the task of writing more than 4,000 fee receipts, the keypunching task was
also very sizable. The automated fee system provides a means of producing
these receipts automatically and at the same time punching the recelpt cards.
The permanent fee data file created by the fee assessment program and main-
tained by the fee updating system contains all the infcrmation needed for the
calculation and preparation of tiue receipts. Then as the student pays his
board ipstallment a receipt is already prepared for him and a fee card is

available for direct entry into the accounting procedures.
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SCHEDULE DISTRIBUTICN

The student's fee assessment and computer schedulz of classes are
printed by computer at various intervals Guring the pre-registration period.
The fee assessments and schedules are then delivered to the Fiscal (Bursar's)
Office formailing to the student.

The student's schedule and fee assessment are printed on & 3-part
form (Figure XV), the last copy of which has had the schedule blocked out.

The Fiscal Office meils to the student the last copy which contains
the fee assessment indi~ating all (both academic and other) fees assessed
during the pre-registration period. Accompanying this assessment is a state-

ment clearly pointing out that when the assessed amount is paid, the student

will be properly registered and a schedule of classes and a paid fee receipt

(the second copy) will be mailed to him. Upon receiving his schedule of

PP TP

classes, the student is now prepared to attend the first meetings of classes

and if necessary, is eligible to participate in the add and/or drop program.

It is felt that through this method of student schedule distribution there is

; an incentive for the student to pay early in order that his schedule of classes
may be reviewed by him several days prior to the beginning of classes.

Second, the Fiscal Office upon receiving the student's fees forwards
to the Registrar the original copy of the student's schedule of classes. The

Registrar now has valid and official notification that the student has paid

assessed fees and is considered properly registered for the incoming semester.
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DELAYED RBEGISTRATION
Students who do not register during pre.registration are able to ac-
complish this during the delayed registration. The delayed registration
period is conducted for five days prior to the opening of the semester. Tue
procedure for academic counseling with the student is the same during this

period as in pre-registration. After visiting with the academic counselor,

R T TR TS

the student then submits his course requests at a central office. At this
central point, data for housing, fees, and course requests are collected in
the same manner as in pre-registration. The major difference between pre-
registration and delayed registration lies in the distribution of the stu-
dent's schedule of classes. j

Each student is informed at the time he turns in his course request

packet that he must return to this central point the next day to get a fee :

assessment. Upon paying the assessed fees, a schedule of classes and paid j

fee receipt are given to the student. The Fiscal Office then forwards to 1

the Registrar's Office the student's original schedule of classes. No mail-

ing occurs during the delayed registration. i
The student's course request 1s sent to the Computer Center each

night during delayed registration and processed in the same manner as dur- |

ing pre-registration. The final registration period is conducted the first

five days of classes and is referred to as late registration. The procedure

for registering during late registration is the same as for delayed registra-

tion. Students who participate in late registration ere penalized with a

$,.00 late fee.

SCHEDULE REVISIONS

In some cases after the student receives a schedule of classes var-

jous revisions need to be made in his registration. These revisions (adds
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and/or drops) are necessary because of failing needed prerequisites, changes
of major, overloading of courses, and student work schedules. Schedule re-
visions are honored five days prior to the beginning of clnases. At the end
of the fifth class day adds are terminated but drops are accepted until the
twelfith class day.

The student who needs schedule revisions returns to the academic ad-
visor to make his requests. Upon approval of the advisor the student then
presents his schedule revision request on a data card (Figure XVIII) and his
current schedule of classes at a central office. At this central point, a
check is made to see if the student has a drop/add authcrizatior. data card
(Figure XIX) in the files. Drop/add authorization cards are found in the
files only if the student has previously paid the assessed registration fees.
If the drop/add authorization card is present, the student then submits his
revision request. At this same time the words SCHEDULE IN REVISION are
stamped on the student's copy of his current schedule of classes. The student
is then told to return the next day to obtain his revised schedule of ciasses
(Figure XX).

The drop/add authorization data card is a card that is produced at
the same time that a student's schedule (original or revised) is printed by

the computer. It includes the student's name and schedule sequence number

and is the key to permit any schedule revision request into the computzr. At

i the time the student pays his fees to the Fiscal Office, this drop/add author-
ization card is sent to the Registrar's Office along with the student's schedule
of classes. When the student comes to the central office for a schedule revi-

sion, thisdropkdd authorization is sent to the computer to permit a schedule

ravision to take place.

Each night card packets consisting of a drop/add authorization card ’
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data cards for courses to be added and/or dropped, and the drop/add request
card are sent to the Computer Center for processing.

The next day the student obtains the revised schedule at which time
he =ust surrender his old schedule of classes. The Registrar's Office receives
a copy of the revised schedule which replaces the old schedule in his files.
The student and the Registrar's Office have a current record showing all re-
visions that have occurred. Also eech night a new drop/add authorization
card is prepared and returned to the Registrar's Office for future revisions
which might be requested.

COMPUTER ASSIGNMENT

The process used to revise a schedule is essentially the same as that
of the initial scheduling process (Section IV, Schedule Construction). The
major difference is that efforts are made to leave the student in the sections
he intends to keep while adding new ones.

The schedule number read in on the drop/add authorization is used to
find the student's old schedule. Any drops are performed and a new scheduling
attempt 1s made using the courses the student kept plus added courses. If the
adds will not fit in the existing schedule, the student is cozpletely fésched-
uled. In the event that a conflict exists,none of the adds are honored and
the student's old schedule, less the drops which he requested,is returned to
hir.

No fee changes are made at this time. If the schedule revision ne-
cessitates a2 fee change, the student will receive a supplemental fee state-

ment at the conclusion of the drop/add period.
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This section is provided to present information relative to actual

experience with the registration system that has been described. The sys-

tem was utilized to register the student body at Texas MM University for

the Spring Semester 1969.

CALENDAR OF EVENTS

PRE-REGISTRATION

The pre-registration phase was initiated on November 4, 1968 and
vas closed on December 6, 1968. During this period the students reported to
their major departments for counseling and to obtain a course request. The
individual departments were allowed to handle this work in the manner they
preferred. Some scheduled students by rank (seniors first, juniors second,
etc.) or alphabetically. Some used a first come, first served policy.
SIMULATED SCHEDULING

One of the advantages of the pre-registration system is to similate
the registration based on a sample of the student course requests. This
is done by feeding the student course requests to the computer and preparing
a schedule. Since no schedvles are printed and mailed, it is possible to
change various aspects of the system. This provides the opportunity to in-

crease sections, delete courses, or to take other measurec that might be de-

sired.

A total of 5377 student requestswere used for the simulation run.

This provided some useful information, but it was founi to be too smell a
campie. 1t would have been more useful i1f approximately 704 of the student
requests were obtained before the similation run was made.
SCHEDULE CCNSTRUCTION

he first schedules were printed on November 24, 1968. At this time
a total of 5003 schedules were prepared for mailing to the students. Sched-

uling runs were then mace :bout once a week. A total of 10,487 students were
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scheduled during the pre-registration period.
FEE COLLECTION

A fee payment deadline of Jamuary 6, 1969 was established for the
students in the pre-regisiration phase. Some students paid their fees immed-
iately upon receipt of their bills and others waited until the last moment.

By Jamuary 15, 1969 a total of 7,300 students had paid their fees and had re-
celved their schedules.

One complaint by the students was the fee payment deadline was too
early and caused a financial hardship. This complaint was probably justi-
fied and the date will be later on future registrations. Time must be al-
lowed, however, to receive payments and ‘o return the schedules to the stu-

dents by mail prior to initiating the late registration period.

REGISTRATION DATA

The foliowing information indicates the experience of the registra-
tion activity.

A total of 12,852 course requests were processed to register 11,839
students. The multiple runs on some requests were due to either eriors de-
tected by the edit programs or schedule rzjects. The 890 rejects (approxi-
mately 7%) were due to one of three reasons:

(1) Lunch hour conflicts ....eeeee.. 364

(2) Hour conflicts seeeececececseees 339

(3) Closed sections eeeeeeeeeeseesss 187

The reject rate is expected to drop as more experience is obtained.
For the first vimc some feed-back is available as to schedule problems en-
countered by :mall groups of students.

The schedule revision (drop/add) portion of iune system revised 5,128

students' schedules. Of these schedules, only 11.11% were completely repro-




grammed. Approximately 5% of the students' schedules were rejected during
this process but these students retained their original schedules,less any
courses which they dropped.

The performance of the computer system on the whole has lived up to

our expectations. Future work, however, will continue to be done on it to

make needed improvements.

CONCLUSIONS

The following conclusions were made as a result of the experience

with the automated registration system.

(1) The system was very effective in increasing the ability to
provide students with the desired courses. The pre-registra-
tion provides an excellent planning tool and numerous sched-

ule changes were made to facilitate the overall scheduling
process.

(2) A much better student counseling program resulted from the
system. Each student had to sit down with his advisor and

review his program and progress before securing approval to
request specific courses.

(3) The overall student record and reporting system was improved
greatly as a result of this system. Student academic class-
ifications, courses of study, instructors' class rosters, add
and/or drop updater, and fee accounting records were placed

3 ir an accurate and manageable order due to various require-

' ments of the system. The student credit hour report to the

Coordinating Board was produced instantaneously after the

twelfth class day as a result of the excellent computer re-

cords established from the automated registration system.

] (4) The marual effort and time required to complete the registra-
tion process was greatly reduced for both faculty and staff.

(5) The student acceptance of the system was generally good.
They were very pleased with the ease with which their reg-
istration could be completed. The major disadvansages from
the student's viewpoint was the lack of ability to select
2 individual professors and specific course times. They real- -
: ized, however, that it is not possible to accommodate spe-
cific requests for all students and in general they seemed
to feel that the system was fair to all concerned.
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RECOMMENDATIONS
The following recommendations are sutmitted for those colleges and

universities which might be considering the implementation of an automsted

1inw

registration system.

(1)

(2)

(3)

(4)

(5)

Secure top level administrative support for implementing
the system. Since many changes will have to be made in
exlsting procedures, it is vital chat a strong administra-
tive committment to the system be obtained.

Allow sufficient time for Planning and implementing the
-»*%em. This may require as much us two years. Good
pianning of every phase isvital.

Be sure that a strong systems capability exists and that
the necessary computer facilities are available.

A computerized student record system is a vital aspect of
a successful automated registration system. If such a
system does not exist, it is recommended that it te devel-
oped as a first step in the automated process.

A good system for publication of information relative to
the system should be developed. A1l persons concerned
(student, faculty, administration) should be advised of
the system and educated to its procedures.
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The programs comprising the sectionizing system are written in THM
COBOL F,-with the exception of a few assembly lenguage sybroutines which
perform logical operations on binary vectors. Several of the programs take
advantage of the SORT verb implemented for tbe 360 COBOL and a direct access
file is used.

The system at present requirss 240 thcusand bytes of memory and
enough devices to service 5 sequential data sets and one direct access data
set. However, some of these resource requirements are due to the ways in
which features particular to A&M, such as the print and fee calculation
routines, were designed. A minimal hardware requirement would probably be

on the order of 200K bytes and 5 sequential data sets.
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